Introduction
Because of the decreases in the incidence of thyroid cancer, the annual cancer incidence has decreased in Korea after 2011 following a steady increase [1] . However, cancer is still a major public health problem in Korea. Radiation therapy (RT) is an eective and widespread method for treating cancer in conjunction with surgery and chemotherapy. RT is required in at least 45%-55% of newly diagnosed cancer cases [2] . A steady rise in the number of patients with cancer has increased the demand for RT in Korea. As we have reported previously [3, 4] , the number of patients with cancer needing RT has steadily increased over the 5 years between 2009 and 2013.
In the present study, we analyzed the claims data from the Health Insurance Review and Assessment Service (HIRA) to estimate the clinical utilization of RT in the 2011-2015 period.
Materials and Methods
We analyzed open claims data from the HIRA. The analysis methods using claims data from the HIRA are described in detail in a previous study [4] . The customized source population criteria for this study are shown in Table 1 . In our previous study [3] , type of healthcare facility included tertiary and secondary hospitals. However, in this study, primary and sanatorium hospitals were also included. In addition, information about patriots and veterans affairs' insurance Cancer Res Treat. 2018;50(2):345-355 expenditure by the government, which were not included in the previous study, were also included in this study. The source population consisted of all patients who had any of the International Classification of Diseases 10th revision cancer diagnoses (C00-C97) and those with diagnostic codes D00-D48 (including carcinoma in situ or benign neoplasms), who were also associated with at least one of the procedure codes related to RT treatment [3] . The detailed methods of categorization for diagnostic codes are described in a previous study [3] . We analyzed the claims data from the HIRA in order to identify the total number of patients who underwent RT, and the number of patients who received RT by primary cancer diagnosis, sex, and age group between 2011 and 2015 in Korea. In addition, through the classification of the procedure codes related to RT [3] , we estimated the total number of patients who received specific RT modalities, including brachytherapy, intensity-modulated radiation therapy (IMRT), stereotactic radiation therapy (SRT), and proton therapy. Considering the annual cancer incidence [1] , the percentage of patients who underwent RT was calculated. We also analyzed the geographic differences for the number of patients who received RT. The number of patients was based on the location of the healthcare facilities.
Results
The (Fig. 2) . The absolute number of cancer patients who received RT and the cancer incidence from 2011 to 2014 are shown in Fig. 3 . The utilization rate of RT in cancer patients has also increased steadily over the same period from 25% to 30%. Because Korea's cancer incidence in 2015 has not been reported yet, the utilization rate of RT in 2015 could not be calculated.
The distribution of patients who received RT by cancer diagnosis between 2011 and 2015 is shown in Table 2 . The five cancers that were most frequently treated with RT between 2011 and 2012 were breast, lung, colorectal, liver, and uterine cervical cancers. However, the fifth most common cancer treated with RT that replaced uterine cervical cancer in 2013 was prostate cancer (Fig. 4A) . The five most common types of cancer among the male patients were lung, liver, prostate, colorectal, and esophageal cancers, while the incidence of colorectal cancer showed a decreasing trend (Fig. 4B) Number of patients who received radiation therapy.
patients, the five most common types were breast, lung, uterine cervical, colorectal, and uterine corpus cancers, while the incidence of colorectal and uterine cervix cancer showed a decreasing trend (Fig. 4C) . Breast cancer and carcinoma in situ of breast patients accounted for nearly 30% of the total patients who underwent RT, and for approximately half of the female patients ( Table 2 ). The diseases with code 'D' made up 7% of the total patients treated with RT (Fig. 1) .
The utilization rates of RT in the 10 most common cancers in Korea [1] are shown in Fig. 5 . The utilization rate of RT increased significantly between 2011 and 2014 for breast (from 85% to 90%), lung (from 41% to 45%), liver (from 18% to 25%), and prostate cancer (from 22% to 27%).
The distribution of patients who received RT in 2015 based on cancer diagnosis and age group is shown in Table 3 . The most common cancer was that of the central nervous system for patients aged 20 years or less, while breast cancer was the most common cancer in patients aged 30-50 years, and lung cancer was the most common cancer in patients aged 60 years or more. Similar trends were observed for previous years.
The distribution of patients who received RT with specific modalities is shown in Table 4 . The use of advanced RT modalities like IMRT, SRT, and proton therapy are steadily increasing every year. Table 5 shows the distribution of patients who received RT from 2011 to 2015 in Korea for each prefecture. The population of each prefecture in 2015 is shown as a representative value [5] . The number of patients has steadily increased every year in all prefectures. More than half of cancer patients (64%) were treated with RT in the capital area (Seoul, Gyeonggi, and Incheon). 
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Discussion
We analyzed the clinical utilization of RT between 2011 and 2015 in Korea using claims data from the HIRA. The total number of patients who underwent RT has increased by 3%-8% per year between 2011 and 2015 (Fig. 1) . As shown in Fig. 3 , the annual cancer incidence in Korea has slowed after increasing until 2011 [1] , and it decreased in 2014 compared with 2013. However, the number of cancer patients who underwent RT increased annually during the same period (Fig. 3) . This antithetical pattern seemingly stems from a decrease in the total cancer incidence due to a decrease in the thyroid cancer incidence in recent years in Korea [1] . As shown in Fig. 5 , because the role of external beam RT in welldifferentiated thyroid cancer remains controversial [6] , the decreasing incidence of thyroid cancer does not affect the utilization of RT in cancer patients.
While the numbers of breast, lung, and prostate cancers being treated with RT has increased every year, the numbers of colorectal and uterine cervix cancer treated with RT have not shown any increase (Fig. 4) . These trends of RT for these cancers have some correlation with the increasing and decreasing trends in the incidence of these cancers (Fig. 5) . Interestingly, liver cancer has shown a significant increase in the number of RT patients (Figs. 4 and 5) although the incidence of liver cancer has been the same or has slightly decreased every year in Korea [1] . The increase of RT for patients with liver cancer seems to have a correlation with the remarkable increase of utilization rate of RT (Fig. 5) . This trend may be because recently many studies have reported good clinical outcomes for hepatocellular carcinoma patients receiving high dose radiation in Korea using advanced RT technologies, including IMRT, SRT, and image guided radiotherapy [7] [8] [9] [10] [11] [12] . Furthermore, the Korean Practice Guidelines for the Management of Hepatocellular Carcinoma recommend RT for inoperable hepatocellular carcinoma patients [13] . Although the percentage of cancer patients who underwent RT increased from 25% to 30% during these 5 years (Fig. 3) , the clinical utilization rate of RT in Korea seems to be lower than of the estimated optimal utilization rate of developed or developing countries (47%-56%) [14] [15] [16] . However, recently Mackillop et al. [17] criticized the overestimation of the optimal RT utilization rate in the previous reports and reported that optimal utilization rate is 34% considering the conditions of optimal access to RT. Because the study estimated the optimal utilization rate of RT in Korea under conditions of access to RT of Korea was not reported yet, whether 30% of RT utilization in Korea is appropriate is debatable. Nevertheless, the incidence of breast, lung, and prostate cancers that account for over 50% of RT patients is showing an increasing trend every year [1] . Therefore, the clinical utilization rate of RT among cancer patients in Korea is expected to continue to rise.
There is an overlap in years between the present and a previous study [3] ; however, the number of patients who underwent RT are different between the two studies during the same period. Compared to the previous study, annually, an additional 200-300 patients underwent RT between 2011 and 2013. This difference might be because additional healthcare information that was not included in the previous study was integrated in the present study, such as information from primary and sanatorium hospitals and patriots and veterans affairs' insurance expenditure by the government. Besides, there is lately (after 1 or more years) registered claims data in HIRA.
In terms of RT modalities, the number of cases receiving SRT has steadily increased over the last 5 years and it was notably increased especially in 2015. In 2015, the national health insurance coverage of SRT was expanded from only cranio-spinal tumors and inoperable lung cancer to whole body tumors. Similar to SRT, notable increases in the use of IMRT and proton therapy are expected in 2016 because national health insurance coverage of IMRT and proton therapy has been expanded in the second half of 2015. In addition, a second proton therapy center in Korea started operating in 2016 [18] . However, it should be kept in mind that the claims data from the HIRA only included data of the insured cases and the number of uninsured treatments could not be recorded. Therefore, the actual number of patients who received SRT, IMRT, and proton therapy are expected to be higher than the reported number. In 2015, the population of Seoul was 19.5% of Korea's population; however, nearly half of the patients (43.9%) treated with RT were treated in Seoul (Table 5 ). If we assume that the optimal rate of RT patients is equal to the percentage of population in each prefecture, Seoul had 2.25 fold of RT patients and Chungbuk had 0.35 fold of RT patients. This phenomenon of concentration in Seoul therefore seems very extreme. To explain this severe disproportion between regions, we need to analyze the infrastructure of RT in Korea. However, unfortunately, no such study has been published after 2007 [19] . We are preparing for the report about the status of the infrastructure of radiotherapy in Korea (2015) .
The total number of patients who underwent RT increased steadily from 2011 to 2015 in Korea. The utilization rate of RT in cancer patients is also increasing. These trends are expected to continue because the incidences of breast and lung cancers with treatment heavily dependent on RT are also experiencing a rising trend in Korea. Percentage of the number of specific radiation therapy modalities over the total number of radiotherapy in each year.
